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Polyurcthune Linings for Steel
Fuel-Storage Tanks
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INTRODUCTION

For nearly tventy vessis the Daboraton has heep
mtereedd B otganic coating problens avweiated
with the hulk stornage of vdotnbon fuel (h,
Uit the mid- A najor intesest wins centered
wpent e need bon betier fpes of Boing mateniah

tr huge, umdetgronnd  conereie bucksnage

tatihy, and slight atention was diteded 1onand
Batugs b steed ankes However, s revent vears
the advantages of lining steel anks bave heen
svagiized, und conddenable effonr has been
maede 1o detelop such Buings (20

Fhe emvioument within o bage hiebsiorage
tank i particabieh swevere ot angimic coating
wtteriab, Sime the ks e dment aluans
filled with sume tpe of liguid, there s g
stant tendenoy B the srganie matenad o he
penctrated and sobened, e dissohied, Mos
srgatie Bnings sue ozposed o thiee difterem
tpes o sahaoluicattack aliphatic adiocgbons,
aremmith viroearhom, and aqueons solutions,
Sune the boings are thine ate over a sieel sub-
sutfare which v subject o connion, and ate
exprectedd to tensain intact by Jong send e pends,
there aie len tupes of organie coatings which e
suitabde dor the applivaton. Resstatiee 1o
Biologial mtack abo s aorequitemen of lmngs
of b unm aeas,

SERE Problem o0 Poopet 3P 08 8001 Fleos musoinn
sepeat wank am e proeblom b osemennrr M o adlunanl
Jue 2 Pl

B 1 Bhtenieg oo the horom of o polusciban Tied Lk

POLYURETHANE COATINGS FOR
IMMERSED STEEL

Becane of then exeepronal chemud et
ance il toughoes, 1o wonkd appeat that adel.
e phie b pohasethumes shonld be foundin
ek hng appleatons (160 Howeser, mou
Lige tanks vollent some waters and m the bt
o areas pohuirethane hinings bave exlibited
& peiibient wemdenoy o blister Figiie 1

o
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the battonm of such o tank, and the bhisteving which
tceuresd duning 9 monthy service, On the wall
aeas which wme exposed 1o tuels only, the poly.
wethane hnings have remained e petfect con
dhtion Lo veas aned appear 1 be the casiest o
dean of any materials used in this application.

Polywrethane coatings are more complex: than
most ather types of lining materials hecause
of the extensive and variows reactions: which
oeenr s they torm Recause of this, the prob-
lem of determining the exact mechanism by
whith blisters develop under the coatings is pan-
by diflienlt, and any of aonumher of phvsical
ot chemical drammstanees combd amtiate the
bhster  formion, - Some  variables  suspeored
of having a wole in the blistering of polsure-
e lank dinings have been investigated  in-
dividualiv, and some peeulir anomalies have
heen discovered. Foinstance,  polvaerhanes
genetally vequine longer dines o blistar de
velopment e water at PWCEF than w0 75%%, il
the hlisters are Barger in the cooler medinm,
Abo, contosion beneath unpigmented polvine
thanes increases with increasing bl thickness
when the coatings ae applicd from ester-aro-
e solvent systems, and  deacises wirh in-
creasing hlm thickness when the coatings e
apphed from nittated sohvenis, Phe elleans of
difterene variables upon blistering and corrosion
of steel-polynrethane sysiens are deseribed in
the tolowing paragraphs,

IMMERSION CONDITIONS

A ypical, pigmented polyurethane, produced
fiom the adduct of woluene diisocviine with
wimethylolpropane and polyester, was applicd
to sandblasted, wash-primed steel paneh. lden-
ncal panels were constantly  innnersed e tap
water at two different temperatures for 26 weeks.
In Table 1, and subsequently, the blisterings
which occurred are compared by ise of ASTM
Photographic Reterence Standind criceria (Fig. 2).
Bhister sices are rated according to the mamerical
seutle Brom O for complete ilm failne e Nos 10 o
no blistering.  Blister densities ate vaed by abine-
viations as {ollows: 1 for few, m. for medium,
m. ok for mediam dense, and d. Tor dense. This
immersion  series wis repeated  several times
with the consistent result that hot water was

AN RO

Famt )
Fhe Rflea of Water Temperature Hpon
Polvarethane Fibm Perfotmame
In limmersion

' pllll|lt 15N hll".lt'l.\lull ASTM
Tempergme Fune Blister Rating
K (weeks) ) g
e ——— ‘..'ZT,._.____._—..
Vi 26 N 2-Na, 6
m.
130 ' 2% No. 10
{nos blistering)

75°F 130 °F

b 2 The elleos of mmension emperatuse spon the
pevtarmanee st methane coatimgy on el

less denimental 1o the coatings than water at
OO temperalures,

STEEL SURFACE PREPARATION

The nature of the metallic surface 10 which a
polvurethane coating is applied has a consider-
able cflect apon ahe immersion performance
of the tesultant sysiem. Blisteting of the coatiesg
and conpnion of the metallic surface may be
vavied between complete faihre aned long-term
durabiliey, as illovraed in Fig. 3. The panel
in the uppey et Gy exhibite slight corrosion
of o cold-tolled steel sirtace of 30 10 50 pin.
toughness under an unpigmented polvurethane,
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smunebion podonmanoes of methane coatmgs @) Clen
urethane vi colidmlied steel; h Clewr weethane on hghth
ground steel; {0 Pigmented urethane on sandblsaed veel;
G Pigmented wrcthane on asluminem metahzed steed with
cenret wold bead

The effects of vafions steel sbice puepatins on

resulting from 3 month's anmension i water.
The touting on the panel on the upper right
(b} was identicad, but the steel simfae wan gen
a 1516 20 gin, grind belore the coating wan
applicd.  The difference in visihle conoinn
may be the resalt of the inherent resbtances of
the swo tvpes of stee] wnhacesy, Boweswer, @t &

KEFOIR L nin +

Appaient that the soatng on the groumd wpbag
s alliwcd abmost oid contovon of the sab
shtake ’

Phe panel i the Jower U ocommer o nas
sinefhilisted s enie amb il
feht hell of the s bace was neated with pohy
vimvthutvab phospliotie acd wisdy primes (MG}
PIGRISR. A pigmented pobmethane caatmg
sister was then applicd, and the punel wae
immened iowater b 6 moaths, Thete & o
dleavly dsible demanoation fine ther
halves of the panel surbce. Whereas the gy
arethane applied diveah o sandblasted sieed
bintered extemiveh . there o onhy slight blise
ing over the wash-primed surfwee, A smiln
cotiing sistem was applicd 10 the panel on the
fower vight {d) The sefine wi prepared o
voding by spraning swlien suminam med
over wpndblsted steel Thin process prosaded
G remgh granala sibee which, unbike see],
wan seninobde, Aiter B omonthy smmersion
i water, ne spainment of the coating of

et suen b,

briween

miire was dn evidence, amd 8w apparenth
4 sonned s bebne immerdon Shght mep-
ularitien which are visible on the coting -
fiuce were prosent at the st

SOLVENTS AND FILM k’E‘HICKN!&‘iS!'L‘i

Series of uppigmented pohomethines werr
applied 1o steel panch swith Poo 20 gine groand
e dndosad componest was pohy.
the NCAVOHD oo was 06T i ]
s wete apphed gt twe thickaesses
from cach of fom sohent swiems, s kgl L
the paneh L B G and 1 were vomed a0 L
i mi thichpesses, amd the paneh EFL €
aid Hwereeoated ot 16 0 anl The soheni
bom which the s were apphied ate shown m
Fable Za. 1o Fable Zh, the paneh are naed
according 1o the ASTM Plotograph Referenee
Stodavds b blstering and b ressstanee 1o
rasting Chvpe B ostingt st wath Bhistensy
the series had
been nemersed o water w0 757F b 90 dane
Kundang oo pated from 0 ko tondd Lubne 10 No

st es,
ester, and
I

s, b

The evduation was made ol

16 b nee st

Several mteresting observations can be ade
nith sespect fo the coatings of thecsenes, ot
ssng of the steel beneath g soating was abwoin

accompained by Bletenng of the coatug, bowever,
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(b)

Fig. 4 - “The cffevts of solvents and fitm thickaess on immersion performance of anpigmented urethane coatngs

Tame 2a
Solvent Systems Used in Coaring the Pancls of Fig. 4
with Polyurethanes

Solvent (volume-percent)

Panels

Cellosolve
Acetate

Ethyl
Acetate

Butyl
Acetate

‘Toluene { 2-Nitropropane

Aand ¥
Rand F
Cand G
Dand H

‘T'asir 2b
The Efteas of Solvenis and Coating Thickness
Upon the Water-Immersion Performance of a
Polyurethane Coating

Panet - I:'ilm Blister R‘ISism'!w-
Designation FPhickness Rating m—lgu.slmg
(+0.1 ml) Rating
A 1.0 No.Bmd. | No 2
1O No. 8 1. No. 6
« Lo No. 6 m. No. 6
D 1O No. 6 m. No. 8
¥ 1.6 No. 8 d. 0
& 1.6 No.Smd. ] Ne 3
¢ 1.6 No.imed. ] N7
H 1.6 No.tmd. | Nelo g
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blisteting of the coatmg was nob always acoome
panied by usible austing. Fvidence of this b
dlearhs seen o panels D oaed H, on which the
contings e Blistered, b seny dittle rasting &
visthle,  Secomd, as the thicksess of the coating
applicd from estet-aromatic solvents inereased,
the amonnt ol sabsequent corrosion on the steel
surbie fncvensed  wompee panel A aad E
B oand FL However, the inaeise of thickness
of the voutings applivd from solvents containing
Z-nitropropane caused 3 corresponding decrvase
in subsurface cotrmion @ompare panels € and
G, D oand H) Third, the sobstitution of 2-
nitvopropane for bunyd acerate (volume  for
vedume in the cellosolve acetate, cthyl acctate,
andd toluene system) caused a dramatie reduction
in the extent of corrosion under the resulting
coatings {compure panels A and € K and G).
This effect was not geoeral, however, and abwo
depended upon the mature of the polyester ased
1o produce the polyurethane,

URETHANE PRIMER PIGMENTATION

A pigmented polyurethane system of the
polyester-type was formulded with a set of
sdiffering  primer pigments.  The coatings over
the primer were identical in all cases, and the
systems were applied to sandblasted,  wash-
primed steel panels.  The primers were formu-
fated from corresion-inhibitive  pigments and
extenders, except for the control, which con-
ained  no  inhibitive  pigmen., The  primen
were polyester-type polyurethanes, formulated
with a pigment volune of 35%, of which 60%
was  carrosion-inhibitive  pigmemt and 40%
was extender. Figure § shows the conditions
of the coatings after 16 weeks” immersion in
water, and the systems are identified and rated
inFable 3. ;

One deduction whicl: can be drawn from these
data s that conposion-inhibitive  pigments ol
the chromate Bipe are not optimum for the poly-
moethute  woating. The biister  comentiations
on panek with sne aml swrontum chromates
were greater then those on the contiol panch.
However, a4 detnite rediction in blistering
tendenay tesulted  from the ave of the hasie
fead sl hsomate-batiim mctaborate pige
ment swems When the vime system was applied

ZINC STRONTIUM BASIC

CONTROL CHROMATE  CHROMATE  PIGMENTS

Fig. I - The effedts ol primer grmmentaion upon
urethane pefouname

to some cold-rolled steed panels, a few, el
atively large blistens deveduped, and the liquid
within the blisters was distinoly atkaline (phl= 8},
When the 1ops of the blisters were removed,
a small blemish of onlv abuut 17 of the jatdd
blister area wis found near the central point
of vach, amd cach hlister had developed in such
@ manner that the primer was kaerally biseoted
qart of the primer staved on the steel, and pant
of it adhered 1o the covering coms.  In some
cases the hlemish on the remaining  prime
as accompanied by corrosion of the steel -
mediately beneath i, and i other cases the
metal was byight beneath the Blenish.

ISOCYANATE-HYDROXYL RATIO OF THE
PRIMER VEHICLE

A sevies of pigimended coatings of the polyester-
arethane Bpe were applicd o samsdblisied,
waste-primed steed panel. The urethane prime
coatings  confaned e dhromate ad were
formulsed s that the socvamite/lvdiond
ratio incveasedd om coating 1o coating. The
covering toatsy wete the same ol ces. in
Table 4, the binter ratings are tabulated o
the cogtings after 16 weeks’ smmersion in water
at 75°F.

At the 0.8 NCOOH ratio, Lage blisters develop.
ed, vy which there were psually soall sean
of weel contovon. A the 1O aatio, thete wae
fewer blisters of more uniform sizes. A the
tatio exeecded  the st liometiee value, the
Blisters beanne sanwd in size with o high oo
cemiration of sl blisters, sonttered unong
fewer buge ones Under these Blinen, the seel
surbace e were estessively coppided
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Fhe Elleas ol “rethane Primer Pigmentation
upon Water fnenersion Pertormance

Panel . . :
) . Praner Pigmentation . Bl 't R"“""‘_
Desipgnation (1 weeky imietsion:
! (comtrol) P dioxide, iron oy, No ®andd 2L
L, mica
1 Zit chiomate-1ah New fiand 2m,
K Strantinm hvomae, iron oxide, h YT 1
Lk, mica
I Bione deadd sihicochmomate-ha i No.
i metaborate-iron ovide-mica
Tabie 4

The Efiears of the Primer Velicle
Isoevanate/Hydroxyl Ratio Upon Water
Lmmersion Performance

NCOJOH Blister Rating (1 weeky Ln.ll‘m‘l\inn;
wiler empetature 75°F)

(X RETATTR

1.0 N T
il A8, 1 toa W, .
1.2 370w 00,

STRUCTURE AND FUNCTIONALITY OF
THE HYDROXYL COMPONENT

Liniels were prepared with unpigmented poh
urcthane coatings of the two mod prevalem
types — polyester and astor ol Fwo series of
cach type hydioxyl component - were” prepaied
using the toluene  disocyinate-nimethyviolpro-
pine adduct, and the NCOJOH rano was 14)
in all cases. Of cach bvdoxyl tvpe, a0 poly-
urcthane of bhigher  fundionadity and one of

Hower  fundtionality  were produced. Coaings

1.0 mil thick were applied 1o ground steel panels,
and the panels were iinmersed in water at 75°F
for 6 months helore eviduation, The paneh
are ibustrated in Fig. 6 and deseribed i bable 5.

Two results are most outstanding winh respea
o this sories. First, regandless of the hydhioxat
component, better protection for the sieel was
provided by the maeral of lower funcionadits,
Flus is particalarly evident in the polyester seies

POLYESTER  POLYESTER CASTOROIL  CASTOR OIL
OH NO 28C OH ND2I0  ORNO 275  OH NO 165

g 6 bhe ellea ol bvdionad conmponent sauciure od

banecrnalty wpos polviethune sumcrsion perloninee

atd can e dearh seen by companinon ot panels
Mand Nof Fig 6. Second. the coatings prepined
hom eastor oil provided bener sieel praecion
than those prepared from the polyesters. A
comparson of panels N oand O reveal shat the
astor ol coating of O number 275 was
least equivalent o the polvester coating of OH
wumber 210 The coating on panel P, prepared
frony specially dried cistor il ol low function-
ality, eshibited the best overall pertormance of
amy arethane which bas compdered a tull 6 monmhs’
nmersion.

SUMMARY OF EXPERIMENTAL
OBSERVATIONS

Wien o polurethane coating i apphed 1o
steel aned the resulting svstem is immersed in
water, there is a persistent tendenoy for blisters
to form withim the coting. Generadly th blisters
we wughe hguid-tilled heoanspheres which e
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Tamir b
The Effeas of Hedroxsl Componnd Stotetare sd Funcnonading Upon
Frmersion Perforssmee of Polh uiethane Goatings

saned ' Blier Riv
o Fype OH Compuien . Resstaner
Yesigkition ’ Ay
Desigmtion Ruing Rating
=
M polyester; OH Number 2801 No.f, . Noo
N polyester; OH Namber 210 ] Noo 4, mud. No B
0 casten ail; OF number 275 | Noo 9, . Noo R
i castor ail (very divy O N B NI L
number 165

fiberally samrered wt dndividual sites over the
econtingr. Any of 4 number of variables will affea
blister densitivs, blister sives, and/or the extenis
of steel rusting under the films,

THEORY AND DISCUSSION

Sinee poburcthane coatings o steel hine
exhibited such o persistent tendency 1o blister
i water immersion, it ;femki appeat that there
is some inherent dlusacteristic 10 be overconwe
it the blistering & 1o be avoided. Two prmsi-
bilities are stggesied which take mito account
Busie wrethane characteristies and may account
for the blistering phenomen,

Lo Hhere we minte enmapments of Gqobon
dhionide within polvirethane fils, Since cubon
dingide is i soluble gas which produces o weakh
acicdic solution. o very Hmy entlaprient nes
the stee] surface should produce o "weak™ site
within a pohvurethane coating. Av water e
meates @ Hlor and desobies the gas within an
cuttapmein, a siftation of cottosive and aunoti
potentiul dovelops, ;

Seseral obwenvations from the dua prosenied
uuy be tatiomadized  with the assamption of
blister-inithanion sites Blled with catbon disade.
The teldne resistunce to bintering of coatings
m hot water mun resalt rom g soltening of tu
il andd ontnard ditbiaon of cotsapped cabon
dienade. Johetent conponmm resninges af v
o steed slares o attaek v weakl aonli
sefutions mee evplain the dilerent binter send
erous e the surface studies, sawe the wash
promed sl metallized sanbaves were parteadah
resintait Tocreased stoel conroston wiedes thiu ber
Sl applied froam estor momae sohuenis ma

tefleet poor sobvent and Grhon diosade selease
Deereaned steel contesion under thicker il
fremn pitrated sobems man result from god
sohvent amd cobon disvde release, combaned
with the auptovedd protection of 4 mote colierent
flm (71 Basi peimer pagmenss, which shield
the steel saface with an lladine Lner, probabh
“senenge’ cathen dionade, B oaddimon o the
newtialiadim of an cobonic k! by the alkadne
i, the Jead and barhun prosent bs the masst
primer sheuld heen the sarbonate on omeen
fatisn af L dow devel s etion s oxplan
the supetion pettonmance of basic bad b
e momaate-banum petaboiate relaie o the
inoibiting pugments and the wment conpal iy
menls,  he sehunch poor petlonmanc of the
shghth soluble whibiting pigments probalbds se
safted from thelr inoeased o poteniabs.
Ay the poovanate Invdioad sane exceeded 11
the blivter dewinn inceased, il the prabs
abibin dua cabon dionide was ennapped an
the b abo moceed, stice the exces ne
aanaie had e sdisipate by cahon deaehe
producing rewtn. Pobeser componeuts ol
lower  functionabn sequned dese meovanae
for vesdioking tan those of higher o
tonalitn, and comeguenth, the potenigd fos
cathen dioside entrapment wa dower o oam
SO ool T Lo wer, Paudho the dis
fonves fasio tiota] o mdon ol §!¥Ht‘§lf‘rsf 4 Ve
pesistantt il Joe thos cane, thie carhon dneasde
protduomg sade sea o shordd Bave occuned
tor,g mapmisle wient

Fhe natine of the spndes Blster areas of g
merted pohraethane Bl e iff TP
i suppmt ol the cabon densh eaoganos
theory Vbt v Bogmenth an aed of

.
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voat delanaanon, wale the pomer b, whih
vontins a0 anore on less vential blenash i
Blemsh most prolabh ocenes as e resalt al
hemacal wnon, and the steel subisinae beneath
s oot b risted Uhe nost likels chenal
“hat spot” within a weethane coanng shouhl
be o cnhon dieside bled bubble, Such o she
probable imitiates the blster, beeds eacnion
provesses inclading corrosion, and helps imtiae
osotic grow th of ister diameters,

2 The wiethane group i basically s dvophidic,
Inaosense it v oan ester-amide, and oy such,
constismes o center of eleavical polinite Maost
amntings e produced containing N-subatitutesd
tarhinnate esters of the tollowing tvpe:

()

I
R-NH-G-0-R'

where Rois aomiatic when o toluene diisocyanate
derivative 1 cmploved, and R’ s neinhy abwans
Adiphatic. I Fable 6 wone solubiliiies i wae
al 13.5°C ate compared for vavious simple are
thanes,

Tamr b
Solubilities in Water of Vinious Urethanes (8)

N-Substiteem § O-Substitnew Sol.in Waten
Ry (R YO [HERTH AT E WO
Methnd ktnl .7
Eihwl kahvi Hie
Mol tebnd u.x
Phend Frinl \l‘l‘\ slighthy soluble

Although the wrethane group camot cary
the N-phemd group into witer solution, it ob-
viotsh Bas a0 proneunced tendenay o du so,
bois probable that the betier water iminersion
perforninke ol wrethane caatings of - lower
tuncoonatin resulis in pare from the decreased
wncentration ob wethane inkages within the
fihns,

Fhe adial growth o a blister, abier isitiation,
i certainh o diffusion process and i prabably
a straightborwand  osnesise The blisteas e
Wlled sty water under pressire, amd frequenthy
thes arse out ol a i that adheres tighth mound
the  petiphen. Convosion-inhibiting — primers,
suchoas zine domate, produce seluions within

AN HOH

e Bhters, aned the Japend venmned o aieh
o sy i bty volimed Thin, ol toiae,
|uunmlr\mn\n\l\

I sty ts believed i sethane coanmgs
hine an imtherem oy by wisten, that they
A Lot membranes tor osttiosts, Uit they contam
Dlister mimation sites which e prohably wnall
Inthisles of carhon dhionide, ased that dadiad Bl
Rrowth oy by an ovmotic prnes abier e
idlion

SUMMARY

The st wethane tank linings of the poheae
npe e be installed i shore Lacilities ot twe
Navy were placed into service i 18 In
spite of same blistering i the boattom area,
the linings bave remained serviceable, wnl wivin-
wnate personnel have expiessed satisfacion
with overall  performanee, "Fhe blwtens e
tonmgh and vesist raprove, Under most of then,
corrosion ol the seel subntrae is of linde conse
quence sl the corrosion produets do aot escape
to pose a fuelcomamination prablem,  However,
this detea in such a promising tvpe o ik
ing  nateriab shostld  be eliminined.  The
solution of this problem is the subjecc of cone
tinwing researeh, and at prosems work s in paog-
ress, based upon the hnowledge and theoties
eaproesscd, o lormalate cogings wlich will
prevent, o greatly veduce, the blister forma-
tion.  The outcome of these experiments will
he described i Btore repons,
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